• The dynamic programming optimisation is applied to a biofuel micro CHP-HES system.
Introduction
Over the last ten years, there has been an increase in the use of combined heat and power (CHP) systems as part of distributed generation (DG) primarily owing to their energy savings, high energy efficiency, as well as reduced carbon dioxide emissions and other environmental benefits [1, 2] . CHPs adopt cascaded utilisation of energy to provide both heat and electricity. Generally, they are connected to power grid. On the other side, off-grid CHPs that feature decentralization can improve energy efficiency by using waste heat directly over production, which could save 80% of the primary energy input as reported [3] . Domestic CHPs can transform waste heat to multi-energy to end-users onsite. With these advantages, this type of CHPs has the potential to be of commendable energy systems in household.
Bio-fuels as renewable energy resources are generally used with CHP. These applications due to their sustainability have attracted considerable interest from the research community. For the CHPs applied in domestic sectors, a noticeable research focus is how to improve their dynamic performance when energy demands fluctuate. It is believed that a CHP combined with an energy storage system could improve dynamic performance, with [4, 5] demonstrating an increase in performance. A similar conclusion was pointed out in [6] [7] [8] and the work also emphasized that energy management strategies are the key factor in actual operation. Refs. [9] [10] [11] [12] explored the methods of CHP operation, especially in building-related applications. However, such work did not focus on the relationship between dynamic performance of the units and real-time energy demands during operation. In the literature, considerable work has been undertaken on the operational optimisation of CHPs. Refs. [13-15] adopted fuzzy logic theory for power energy management in CHPs. However, they may require selecting regions empirically which may result in sub-optimal decisions in practice. Refs. [3, 16] discussed droop control in the optimal operation of the CHPs with an energy storage technology. But the selection of decent droop coefficients is a main challenge for these applications. CHPs developed in Refs. [17,18] developed a particle swarm algorithm to find the best options over the system's operation. However, both iteration calculation and premature convergence are the barriers for practical applications of such systems. Overall, these methods are effective but require either empirical coefficients or predetermined parameters.
On the contrary, dynamic programming (DP) as an optimisation method has recently attracted lots of interest by researchers in the area of energy systems.
Generally, DP can solve nonlinear dynamics with constraints in simple a way when the problems can be discretized with time, state and decision variables. In other words, DP solves the problems by dividing the whole process into different stages. These stages interact and interconnect with decision (or control) variables. The states including one or multi components (variables) refer to the objective conditions at the beginning of each stage. Essentially, the target of DP is to find the best decision set over the whole searching trajectory. Therefore, stages, decision and states consist of the basic factors for solving problems under DP frame. DP does not require either empirical coefficients or pre-determined parameters. Fig. 1 . Schematic diagram of a CHP-HES system. Applied Energy 208 (2017) 132-141 
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